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Description 
TRENCH CAPACITOR STRUCTURE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a trench capacitor, and 
more particularly, to a trench capacitor of a DRAM device 
having an increased capacitor surface area and a process 
of manufacture thereof. 

[0003] 2. Description of the Prior Art 

[0004] s t he size of a memory cell shrinks, the chip area available 
for a single memory cell becomes very small. This causes 
reduction in capacitor area and therefore becomes a chal- 
lenge for chip manufacturers to maintain adequate cell 
capacitance of each memory cell fabricated on a high- 
density memory chip. 

[0005] Trench-capacitor DRAM devices are known in the art. A 
trench-storage capacitor typically consists of a very- 
high-aspect-ratio contact-style hole pattern etched into 
the substrate, a thin storage-node dielectric insulator, a 



doped low-pressure chemical vapor deposition (LPCVD) 
polysilicon fill, and buried-plate diffusion in the substrate. 
The doped LPCVD silicon fill and the buried plate serve as 
the electrodes of the capacitor. A dielectric isolation collar 
in the upper region of the trench prevents leakage of the 
signal charge from the storage-node diffusion to the 
buried-plate diffusion of the capacitor. 
[0006] one approach currently being investigated is to use ca- 
pacitor dielectric materials having relatively higher dielec- 
tric constants such as aluminum oxide (Al O ) and so on. 
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Other approaches seek to enhance the total surface area 
of the capacitor structure by modifying the geometrical 
layout of the storage cell. For example, U.S. Pat. No. 
6,271,079 filed May 19, 1999 to Wei et al. discloses a 
method of forming a bottle-shaped trench capacitor with 
a sacrificial silicon nitride. U.S. Pat. No. 6,319,787 filed 
June 30, 1998 to Enders et al. discloses a trench capacitor 
having a substrate with a trench extending therein with a 
nested, e.g., concentric, conductive regions disposed 
within the trench. 
[0007] u.S. Pat. No. 6,440,813 filed January 23, 2001 to Collins 
et al. discloses a trench capacitor having an increased 
surface area. The trench capacitor is a dual trench capaci- 



tor having a first trench and a second trench wherein in- 
ner walls of the trenches electrically connect. 
[0008] U.S. Pat. No. 6,448,131 filed August 14, 2001 to Cabral, 
et al. discloses a method for increasing the trench capaci- 
tor surface area. The method utilizes a metal silicide to 
roughen the trench walls. The capacitance is increased 
due to the increase in the trench surface area after the 

silicide has been removed. 
Summary of Invention 

[0009] The primary objective of the present invention is to pro- 
vide a novel trench capacitor structure with enlarged ca- 
pacitor surface. 

[0010] | n accordance with the invention, a trench capacitor hav- 
ing a large capacitor surface area is provided. The trench 
capacitor includes a buried diffusion plate doped in a 
substrate and encompassing a bottle-shaped lower por- 
tion of the trench capacitor. The buried diffusion plate is 
electrically connected to an upwardly extending cylindrical 
center electrode via a bottom contact surface of the bot- 
tle-shaped lower portion. The buried diffusion plate and 
the upwardly extending cylindrical center electrode serve 
as a first electrode of said trench capacitor. A first insula- 
tion layer is disposed on interior surface of the bottle- 



shaped lower portion of said trench capacitor except for 
the bottom contact surface. An outer electrode layer is 
situated on the first insulation layer and encircles the 
cylindrical center electrode. A second insulation layer is 
disposed between the outer electrode layer and the cylin- 
drical center electrode. A central pillar electrode down- 
wardly extends along the length of the cylindrical center 
electrode. The cylindrical center electrode encircles the 
central pillar electrode. A third insulation layer is disposed 
between the central pillar electrode and the cylindrical 
center electrode. A collar electrode layer is located on the 
central pillar electrode and on the outer electrode layer. 
The collar electrode layer is electrically connected to the 
central pillar electrode and the outer electrode layer. The 
collar electrode layer, the central pillar electrode and the 
outer electrode layer constitute a second electrode of the 
trench capacitor. 
1 ] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, but are not restrictive, of the invention. Other ob- 
jects, advantages, and novel features of the claimed in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 



conjunction with the accompanying drawings. 
Brief Description of Drawings 



[0012] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings: 

[0013] pig.l is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a trench structure 
on a semiconductor substrate; 

[0014] Figs. 2 and 3are cross-sectional views of a semiconductor 
substrate illustrating the steps of forming a silicon nitride 
mask layer on an upper portion of the trench structure; 

[0015] Fig. 4 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a bottle-shaped 
lower portion of the trench structure; 

[0016] Fig. 5 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a buried plate and 
first node dielectric in the trench structure; 

[0017] Figs. 6 and 7are cross-sectional views of a semiconductor 
substrate illustrating the steps of forming a polysilicon 
outer electrode on sidewall of the bottle-shaped lower 



portion of the trench structure; 

[0018] pig. 8 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a thermal oxide 
layer on the polysilicon outer electrode on sidewall of the 
bottle-shaped lower portion of the trench structure; 

[0019] Figs. 9 andlOare cross-sectional views of a semiconductor 
substrate illustrating the steps of removal of a portion of 
the first node dielectric at the bottom contact surface of 
the bottle-shaped lower portion of the trench structure 
and the formation of an upwardly extending cylindrical 
center electrode; 

[0020] Fig. 11 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a second node di- 
electric; 

[0021] Fig. 12 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of forming a central pillar 
electrode on the second node dielectric at the bottle- 
shaped lower portion of the trench structure; 

[0022] Fig. 13 is a cross-sectional view of a semiconductor sub- 
strate illustrating the steps of removal of a portion of the 
second node dielectric and removal of the silicon nitride 
mask layer; and 

[0023] Fig. 14 is a cross-sectional view of a semiconductor sub- 



strate illustrating the steps of forming collar electrode and 

collar oxide. 
Detailed Description 

[0024] please refer to Fig.l to Fig. 14. Fig.l to Fig. 14 are 

schematic cross-sectional diagrams showing the fabrica- 
tion process of making a trench capacitor according to 
one preferred embodiment of the present invention. It is 
to be understood that the steps for making a bottle- 
shaped trench as will be seen in Fig.l through Fig. 4 is 
only exemplary. Any other approaches known by those 
skilled in the art may also be used. 

[0025] As shown in Fig.l, a deep trench 11 is etched into a semi- 
conductor substrate 10 such as a silicon substrate or the 
like. The method of making the deep trench 11 in a semi- 
conductor substrate is known in the art. For example, a 
conventional lithographic process is used to define a 
trench opening in a photoresist, and a dry etching such as 
reactive ion etching (RIE) is then carried out to etch the 
pad layer 12 and the substrate 10 through the trench 
opening to a depth of about 7~8 micrometers below the 
surface of the substrate 10. The deep trench 11 comprises 
a vertical sidewall and bottom surface. The pad layer 12 
may comprise a pad nitride and a pad oxide. In this em- 



bodiment, the pad layer 12 consists of a pad oxide 121 
and a pad nitride 122. It is to be understood that the sur- 
face of the substrate 10 hereinafter refers to as the inter- 
face between the pad oxide 121 and the substrate 10. Af- 
ter the formation of the deep trench 11, an oxidation pro- 
cess is carried out to form a silicon oxide film 111 on 
sidewall and bottom surface of the deep trench 11. 
[0026] As shown in Fig. 2, a sacrificial layer 13 such as a photore- 
sist is deposited in the deep trench 11 with a top surface 
of the sacrificial layer 13 being at a predetermined depth 
below the surface of the substrate 10. At this stage, an 
upper annular portion of the silicon oxide film 111 on the 
deep trench sidewall is exposed. A selective deposition 
process such as a selective liquid phase nitride or oxide 
known in the art is then carried out to selectively deposit 
a silicon nitride mask layer 14 on the exposed annular 
portion of the silicon oxide film 111 and on the pad ni- 
tride 122. 

[0027] As shown in Fig. 3, the sacrificial layer 13 is then stripped 
off. The silicon nitride mask layer 14 is left in place to 
cover the upper annular portion of the silicon oxide film 
111 on the deep trench sidewall. Preferably, a rapid ther- 
mal process (RTP) may be carried out after stripping the 



sacrificial layer 13 to density the silicon nitride mask layer 
14. As shown in Fig. 4, an isotropic wet etching such as 
DHF/NH 4 OH wet chemistry is used to etch away the silicon 
oxide film 111 that is not covered by the silicon nitride 
mask layer 14. The wet etching continues to etch the 
sidewall/bottom surface of the deep trench 11, thereby 
forming a bottle-shaped lower portion of the deep trench. 
As specifically indicated, the bottle-shaped deep trench 
has a widened lower portion and a narrowing neck chan- 
nel. 

[0028] As shown in Fig. 5, the bottle-shaped lower portion of the 
deep trench is doped by using doping methods such as 
Gas Phase Doping (CPD), Arsenic-doped Silicate Glass 
(ASG), or other approaches known in the art so as to form 
a diffusion region 15 that is referred to as "buried plate" 
serving as the first electrode (or bottom electrode) of the 
trench capacitor. In one embodiment in which the ASG 
method is employed, after the ASG film is coated, a ther- 
mal process is usually carried out at high temperatures to 
"drive in" the dopants (arsenic) of the ASG film into the 
substrate 10. Subsequently, a node dielectric film 16, 
such as a nitride-oxide (NO) or oxide-nitride-oxide 
(ONO), but not limited thereto, is formed on the exposed 



interior surface of the bottle-shaped deep trench. In other 
embodiments, the node dielectric film 16 may be made of 
high-k (dielectric constant) materials such as oxynitride, 
Al O , HfO , or (Al O ) /(HfO ) . In another case, the bot- 
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torn electrode of the trench capacitor may further com- 
prise a metal layer lining the top surface of the diffusion 
region 15. This metal layer may be TiN/TaN, tungsten, 
etc. 

[0029] As shown in Fig. 6, a chemical vapor deposition (CVD) pro- 
cess is carried out to deposit a polysilicon layer 17 on the 
node dielectric film 16. The polysilicon layer 17 has a 
thickness of about 200-400 angstroms, preferably 300 
angstroms. In this embodiment, as specifically indicated, 
the 300-angstrom thick polysilicon layer 17 may clog the 
narrowing neck channel of the bottle-shaped deep trench 
and voids 171 may be found at the neck channel of the 
bottle-shaped deep trench. It is noted that the polysilicon 
layer 17 does not fill the widened lower portion of the 
bottle-shaped deep trench. The polysilicon layer 17 may 
be thicker in a case that the dimension of the deep trench 
is larger. In one embodiment, the polysilicon layer 17 may 
be replaced with other suitable conductive materials such 
as metals or alloys. 



[0030] As shown in Fig. 7, an anisotropic dry etching process is 
then performed to etch the polysilicon layer 17 so as to 
open the clogged neck channel of the bottle-shaped deep 
trench. After etching through the polysilicon layer 17 at 
the neck channel of the bottle-shaped deep trench, the 
anisotropic dry etching process continues to etch the 
polysilicon layer 17 located at the bottom of the deep 
trench 11 and stops on the node dielectric film 16. 

[0031] As shown in Fig. 8, a thermal oxidation process is then 

performed to oxidize the exposed surface of the remain- 
ing polysilicon layer 17 so as to form an insulation layer 
18 having a thickness of about 150-200 angstroms. The 
insulation layer 18 may comprise silicon dioxide, Al^, 
Hf0 2 , or other dielectric materials with higher dielectric 
constants. In other embodiments, the insulation layer 18 
may be deposited by atomic layer deposition (ALD) 
method or CVD methods. 

[0032] As shown in Fig. 9, the exposed node dielectric film 16 at 
the bottom of the deep trench 11 is then etched away se- 
lective to the insulation layer 18, thereby exposing a por- 
tion of the silicon surface at the bottom of the deep 
trench 11. More specifically, a portion of the diffusion re- 
gion or buried plate 15 is exposed. The removal of the 



exposed node dielectric film 16 at the bottom of the deep 
trench 11 may be accomplished by using an anisotropic 
dry etching or selective wet etching processes known in 
the art. Subsequently, a polysilicon CVD process is per- 
formed to deposit a polysilicon layer 19 in the deep trench 
11. The polysilicon layer 19 is deposited on the insulation 
layer 18 and on the exposed buried plate 15 at the bot- 
tom of the deep trench 11. Preferably, the polysilicon 
layer 19 has a thickness of about 200-300, more prefer- 
ably 250 angstroms. In this preferably embodiment, the 
polysilicon layer 19 having a thickness of about 250 
angstroms may again clog the narrowing neck channel of 
the deep trench structure. Likewise, voids 191 may be ob- 
served at the clogged neck channel. It is noted that the 
polysilicon layer 19 does not fill the deep trench, more 
specifically, the lower widened portion of the bottle- 
shaped deep trench. The polysilicon layer 19 may be 
thicker in a case that the dimension of the deep trench is 
larger. In one embodiment, the polysilicon layer 19 may 
be replaced with other suitable conductive materials such 
as metals or alloys. 
[0033] As shown in Fig. 10, an anisotropic dry etching process is 
then performed to etch the polysilicon layer 19 so as to 



open the clogged neck channel of the bottle-shaped deep 
trench. After etching through the polysilicon layer 19 at 
the neck channel of the bottle-shaped deep trench, the 
anisotropic dry etching process stops, thereby forming an 
upwardly extending polysilicon electrode 20 having a 
substantially cylindrical shape within the deep trench 11. 
The bottom of the upwardly extending polysilicon elec- 
trode 20 is electrically connected to the buried plate 15 
and is electrically isolated from the surrounding polysili- 
con layer 17 by the insulation layer 18. The buried plate 
15 and the upwardly extending polysilicon electrode 20 
electrically connected with the buried plate 15 constitute a 
large-area capacitor electrode. 
[0034] a s shown in Fig. 11, a node dielectric film 21 such as NO 
or ONO is formed on the surface of the polysilicon elec- 
trode 20 and on the surface of the silicon nitride mask 
layer 14. In this embodiment, the node dielectric film 21 
is NO film. The node dielectric film 21 may be formed by a 
Rapid Thermal Nitride (RTN) method, or conventional ni- 
tride deposition followed by thermal oxidation. In other 
embodiments, the node dielectric film 21 may be made of 
other high-k materials such as oxynitride, Al^, Hf0 2 , Ta 
O ZrO or (Al O ) /(HfOJ . 
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[0035] As shown in Fig. 12, a polysilicon CVD process is carried 

out to deposit a polysilicon layer 23 in the deep trench 11. 
The polysilicon layer 23 is initially deposited to fill the rest 
spacing of the deep trench 11 and cover the silicon nitride 
mask layer 14 outside the deep trench 11, and then re- 
cessed to a predetermined depth below the surface of the 
substrate 10. In this embodiment, the polysiliocn layer 23 
is recessed to a level between the neck portion and the 
widened lower portion of the deep trench. In another em- 
bodiment, the polysilicon layer 23 may be replaced with a 
metal layer such as TiN, TaN, tungsten, etc. In still another 
embodiment, the polysilicon layer 23 may be replaced 
with a dual layer consisting of a poly film and a metal film, 
in which the poly film has a thickness that is greater that 
that of the metal film. In still another embodiment, the 
polysilicon layer 23 may be replaced with a dual layer 
consisting of two different metal layers. 

[0036] As shown in Fig. 13, the exposed node dielectric film 21 
that is not covered by the polysiliocn layer 23 is removed. 
The silicon nitride mask layer 14 and the silicon oxide 
layer 111 are then stripped off by using wet etching such 
as HF/EG chemistry known in the art, thereby exposing a 
top portion of the polysilicon layer 17. 



[0037] a s shown in Fig. 14, the deep trench 11 is then filled with 
another layer of polysilicon (not shown) and then recessed 
to a predetermined depth below the surface of the sub- 
strate 10, thereby forming a polysilicon layer 41 electri- 
cally connecting the polysiliocn layer 23 and the polysili- 
con layer 17. The polysilicon layer 41, polysiliocn layer 23 
and the polysilicon layer 17 together constitute a storage 
node electrode of the trench capacitor, which is electri- 
cally isolated from the upwardly extending polysilicon 
cylindrical electrode 20 by the insulation layer 18 and the 
node dielectric film 21, and is electrically isolated from 
the buried plate 15 by the node dielectric film 16. There- 
after, a collar oxide layer 42 is formed on sidewall of the 
upper deep trench above the polysilicon layer 41. The 
method of forming the collar oxide layer 42, which is 
known by those skill in the art, includes the steps of de- 
positing a conformal silicon oxide layer, dry etching the 
silicon oxide layer, forming a sacrificial layer on the sili- 
con oxide layer, recessing the sacrificial layer to a depth, 
removing the exposed silicon oxide layer, and removing 
the remaining sacrificial layer. Finally, the rest spacing of 
the deep trench 11 is filled with a polysilicon layer 43 that 
is electrically connected to the polysilicon layer 41. A con- 



ventional Chemical Mechanical Polishing (CMP) may be 
carried out to obtain planar substrate topography using 
the pad nitride 122 as a polishing stop layer. 

[0038] | n another embodiment, the polysilicon layer 43 may be 
replaced with a metal layer such as TiN, TaN, tungsten, 
etc. In still another embodiment, the polysilicon layer 43 
may be replaced with a dual layer consisting of a poly film 
and a metal film, in which the poly film has a thickness 
that is greater that that of the metal film. In still another 
embodiment, the polysilicon layer 43 may be replaced 
with a dual layer consisting of two different metal layers. 

[0039] jo sum up, still referring to Fig. 14, the present invention 
large-area trench capacitor structure comprises a capaci- 
tor neck portion 52 and a lower bottle portion 54. The 
large-area trench capacitor structure comprises a diffu- 
sion region or buried plate 15 formed in the substrate 10 
and adjacent to the deep trench 11. The buried plate 15, 
which substantially encompasses the lower bottle portion 
54 in the preferred embodiment, is electrically connected 
to an upwardly extending polysilicon electrode 20 having 
a substantially cylindrical shape within the deep trench 
11. The polysilicon electrode 20 is cylindrical and extends 
along the depth of the lower bottle portion 54. The first 



electrode of the trench capacitor consists of the buried 
plate 15 and the upwardly extending polysilicon electrode 
20. The second electrode (storage node electrode) of the 
trench capacitor consists of the polysilicon layers 41, 17, 
and 23. The upwardly extending polysilicon electrode 20 
is surrounded by the polysilicon layers 41, 17, and 23. 
The first electrode and the second electrode of the trench 
capacitor are isolated from each other by means of the 
node dielectric film 16, insulation layer 18, and node di- 
electric film 21. 

[0040] Those skilled in the art will readily observe that numerous 
modifications and alterations of the present invention may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



